In vitro selection of Foeniculum vulgare for salt tolerance was undertaken by the use of somaclonal variation. In this idea, explants of root, hypocotyl and cotyledon of sterilized seedling were transferred to callus and regeneration media with concentrations of 0, 50, 100 and 150 mM of NaCl. After 4 weeks, calli induction, regeneration frequency and calli fresh and dry weights, in both control and stress conditions, were measured. The results showed that salinity caused a significant decrease in the callus induction and shoot regeneration of fennel. However, in the presence of 100 and 150 mM NaCl, the highest frequency of callus induction in hypocotyl and cotyledon explants was recorded on the media supplemented with 1 mg l -1 IAA (Indol-3-Acetic Acid) plus 1 mg l -1 2,4-D (2, 4-dichlorophenoxyacetic acid) and 2 mg l -1 kinetin. Among different growth regulator treatments, the combination of 2 mg l -1 NAA (Naphtaleneacetic acid) and 0.5 mg l -1 kinetin was found to be the most effective for shoot regeneration under stress condition. The highest dose of NaCl (150 mM) inhibited callus induction and shoot regeneration compared to control with 41% and 96% respectively. The calli fresh and dry weights of all explants were decreased with the increas of NaCl concentration. The highest and the lowest of dry and fresh weight of calli were observed in 0 and 150 mM respectively.
Introduction
Fennel (Foeniculum vulgare Mill.) is one of the oldest medicinal plants, used for pharmaceutical, food, hygienic and cosmetic industries. Fennel is an annual, biennial or perennial plant, depending on the variety, belonging to Apiaceae family and is native to the Mediterranean area (Piccaglia and Marotti, 2001) . It has been cultivated and introduced into many regions outside that zone; it is grown commercially in some of them, such as Russia, India, China and Japan (Damjanovic et al., 2005) .
In vitro technology, especially plant tissue culture offers many unconventional techniques for crop improvement (Dennis Thomas and Sreejesh, 2004) . In vitro culture of plant cells and tissue has attracted considerable interest over the recent years because it provides the means to study the physiological and genetic processes of plants in addition of offering the potential to assist in breeding improved cultivars by increasing the genetic variability (Benderradji et al., 2007) . According to Larkin and Scowcroft (1981) it is now generally accepted that plant cell culture itself generates genetic variability increasing cell mutation frequency. Genetic factors are considered to be a major contributor to the in vitro response of cultured tissues. Differences in the production of calli and regenerated plantlets have been observed, depending on the genotype and the source of explant (Ganeshan et al., 2003) . Also, the composition of the media mainly the hormonal balance is another important factor influencing in vitro culture initiation and plant regeneration ( Jiang et al., 1998) . Plant tissue culture techniques provide a promising approach to develop salt tolerant plants (Gandonou et al., 2005) . This method is based on the induction of genetic variation among cells, tissues and/or organs in cultured and regenerated plants (Mohamed et al., 2000) . Breeding for environmental stress tolerance by traditional methods is a time consuming and inefficient procedure (Dorffling et al.,1993) . In vitro selection of salt tolerant cell lines and regenerated plants has been reported in several species such as potato (Sabbah and Tal, 1990) , rice (Lutts et al., 1999) , hordeum (Sibi and Fakiri, 2000) , wheat (Barakat and Abdel-latif, 1996) , sunflower (Alvarez et al., 2003) and alfalfa (Safarnejad et al., 1996) . This suggests that tissue culture selection can be used to improve salt tolerance in plants (Gandonou et al., 2005) .
Salinity is one of the most important environmental stresses that reduces of growth, development and production of plants. The major inhibitory effect of salinity on plant growth and yield has been attributed to osmotic effect, ion toxicity and nutritional imbalance leading to reduction in photosynthetic efficiency and other physiological disorders (Mahajan and Tutija, 2005; Zhu, 2007; Yokoi et al., 2002) . Salinity is the main abiotic stress that has been addressed by in vitro selection, and applications were calculated by dividing the number of calli and shoot regeneration to the original number of plated explants.
In vitro sodium chloride treatments
Explants of root, hypocotyl and cotyledon were cultured on MS medium containing 1 mg l -1 IAA, 1 mg l -1 2,4-D and 2 mg l -1 kinetin (media I) with 0, 50, 100 and 150 mM of NaCl. On the other hand, explants were transferred to MS medium containing 2 mg l -1 NAA and 0.5 mg l -1 kinetin (media II) with different concentrations of NaCl. After 4 weeks, callus induction rate, fresh and dry weight of different explants were measured. In order to study the ability of different explants to regeneration shoots on medium containing NaCl, the induced calli from both medium were placed on the same medium composition to which various concentrations NaCl (0, 50, 100 and 150 mM) were added. The incubation period lasted 28 days. Finally, the NaCl tolerant regenerating calli, were transferred on to the MS basal medium with no growth regulators for root formation.
The data were obtained on callus induction efficiency, measured as the number of calli/total number of explants× 100, and the regeneration efficiency as the number of regenerated shoots/total number of calli × 100.
The fresh weight for callus of different explants (root, hypocotyl and cotyledon) were assessed, and for the determination of dry weight the callus was dried for 3 days in an oven at 70°C.
Statistical analysis
This experiment has been carried out in a completely randomized design with 12 treatment and 15 replications per treatment. Statistical significance between mean values was assessed using the analysis of variance and a conventional Duncan,s multiple range test using SAS Statistical software (SAS Institute, 1992) . A probability of p<0.05 was considered significant.
Results

Callus induction and regeneration under non-stress condition
Callus induction and shoot regeneration were observed on MS medium supplemented with different treatments, two and four weeks after transferring explants to medium, respectively. One hundred percent of the fennel hypocotyl and cotyledon explants formed callus during the first month of culture on all mediums. The maximum size of callus formed on the medium containing 1 mg l -1 IAA plus 1 mg l -1 2,4-D and 2 mg l -1 kinetin (media I). The produced calluses on this media were large and green (Fig. 1) . Also, dark-green and large calluses were produced in the medium with 2 mg l -1 NAA and 0.5 mg l -1 kinetin, whereas in other media, the color of the calluses turned into yellow or white and their size was too small. A good response for shoot regeneration was observed only in the to other stresses such as heat and drought have also been reported (Lutts et al., 1996; Safarnejad, 2004) . Currently, these techniques are considered to be an important complement to classical breeding methods (Zalc et al., 2004) .
The regeneration of plants displaying an increased tolerance to environmental stress is an important goal for the biotechnological improvement of many plant species (Mohamed et al., 2000) ; therefore the purpose of this experiment was to induce somaclonal variation in regenerated plants in order to select NaCl-tolerant callus line of Foeniculum vulgare using in vitro regeneration protocol. Hence, callus induction, regeneration frequencies and rate of growth of root, hypocotyl and cotyledon explants of Foeniculum vulgare in populations of Esfahan, were tested under salinity stress conditions.
Materials and methods
Plant material and growth condition
The experiment was conducted in the Tissue Culture Laboratory of Razavi-Khorasan Agriculture and Natural Reasources Research Center during the years 2006-2007. Seeds of Esfahan populations of Foeniculum vulgare were used in the present experiment. At first, seeds were surface sterilized for 10 min. in 20% sodium hypochlorite, then rinsed three times with sterilized distilled water. After disinfection, the seeds were placed on MS (Murashing and Skoog, 1962) basal medium supplemented with 30 g L -1 sucrose and 8 g L -1 agar. The medium was adjusted to pH 5.7 before autoclaving at 121°C for 20 min at 1.16 kg cm -1 pressure. The cultures were incubated in growth chamber under both dark (8 h) and light (16 h) condition. The temperature was maintained at 25 °C . After 5-6 days, seeds were germinated on these media. Root, hypocotyl and cotyledon of 9 days old seedling of Foeniculum vulgare were used as explants in the present experiment.
Callus induction and plant regeneration
For callus induction and regeneration, root, hypocotyl and cotyledon explants (10 mm long) were placed on MS medium (Murashige and Skoog, 1962) supplemented with 30 g L-1 sucrose and 8 g L -1 agar and the following growth regulator combinations: (I) 1 mg l -1 IAA plus 1 mg l -1 2,4-D and 2 mg l -1 kinetin (II) 2 mg l -1 NAA and 0.5 mg l -1 kinetin (III) 0.5 mg l -1 NAA and 0.5 mg l -1 kinetin (IV) 0.5 mg l -1 NAA and 2 mg l -1 kinetin. After four weeks of incubation, the induced calli were subcultured, under the same growth conditions and in the same MS medium for shoot and root initiation. Also the regenerating calli, showing shoot formations, were transferred to the MS basal medium supplemented with 30 g L -1 sucrose, 8 g L -1 agar, for root formation and placed in the growth chamber for another four-week period. Then the number of explants producing callus and the number of shoot regeneration from each explants were counted. The frequency of callus induction and shoot regeneration case of the 4:1 NAA/kinetin ratio (on the medium containing 2 mg l -1 NAA and 0.5 mg l -1 kinetin) and this medium was the best for callus induction, shoot regeneration and rooting simultaneously (Fig. 2) . The results showed significant effects of treatments on callus induction and shoot regeneration (Tab. 1). The highest rates of callus induction, shoot regeneration and rooting were observed in the explants of cotyledon. There was significant difference between explants on callus induction and shoot regeneration (Tab. 1). Because, only green calluses have the capability to transfer to other processes of experiment, therefore two media including MS medium containing 1 mg l -1 IAA plus 1 mg l -1 2,4-D and 2 mg l -1 kinetin (media I) and MS medium with 2 mg l -1 NAA and 0.5 mg l -1 kinetin (media II) was selected for salinity treatments.
Callus induction capacity in different explants under salinity stress
The callus induction from different explants was assessed to NaCl salt stress. The callus induction rates were 29.91, 87.81 and 93.34% respectively, for root, hypocotyl and cotyledon explants under salinity stress (Tab. 2). This indicated a significant differential explants ability for callus induction, with root being less responsive than cotyledon, which appears as the best explant for in vitro tissue culture. The callus induction efficiency differed significantly (p<0.05) between the different explants at each of the tested salt stress levels (Tab. 2). At higher salt stress levels the explants of hypocotyl and cotyledon reacted moderately, while root showed a sharp decrease in the callus induction capacity, reaching 5% at 150 mM NaCl (Fig.  3 and 4) . Mean Comparisons of data for callus induction efficiency in different treatments of salinity is presented in Tab. 3. Callus induction efficiency was low for differential explants at higher salt stress levels compared to mild stress levels (50 mM), but no sizeable differences were observed between the control treatment and 50 mM NaCl (Tab. 3). The results show that under control conditions and 150 that proliferation rate of calli decreased when concentrations of NaCl increased in the both media ( Fig. 3 and 4) .
mM of treatments of salt stress, callus induction rates were 84.17% and 49.79%, respectively. Therefore, in the presence of 150 mM NaCl, the percentage of calli induction was decreased with 41% (Tab. 3). Results from different treatments, with different concentrations of NaCl, showed netin (media II) compared to media (I) consisting of MS medium supplemented with 1 mg l -1 IAA plus 1 mg l -1 2,4-D and 2 mg l -1 kinetin. Callus of root, hypocotyl and cotyledon explants on media (I) did not produce any shoot regeneration in the presence of 150 mM NaCl (Fig. 4) , while regeneration rate of the proliferated calli of explant of cotyledon on media (II) was 8.75% under 150 mM salt stress (Fig. 3) . Also, there was no shoot regeneration above 100 mM NaCl on Plant regeneration response to NaCl stress After callus proliferation on MS based medium with different concentration of plant growth regulators, calli were then subcultured on the same medium with concentrations of 0, 50, 100 and 150 mM of NaCl for 28 days. Most of the calli become brown and died in the present of 100 and 150 mM NaCl. In the case of shoot regeneration at salt stress conditions, all the calli responded better on MS medium containing 2 mg l -1 NAA and 0.5 mg l -1 ki- 9 months (Anzidei et al., 2000) . While in this research, the highest frequency of shoot regeneration from hypocotyl and cotyledon explants was obtained when the NAA and kinetin were used at a 4:1 ratio after a period of one month. Thus, it can reduce the time and cost of the experiment. In fact, for several species, studies have showed that many factors, such as the medium composition, genotype, and the type of explant, affects the callus induction and plant regeneration processes. In the present study the variation noted in the callus induction capacity and plant regeneration appears to be mainly due to the explant and the medium composition effect. The deleterious effects of salinity on plants are attributed to the reduction of water absorption by roots, ion toxicity and disturbed ionic balances. The drastic increase in the concentration of Na + and Cl -in tissues, following plant exposure to salinity, led to toxicity as it was evidenced by reduced plant growth (Greenwey and Munns, 1980; Tester and Davenport, 2003; Karimi et al., 2009) . Ionic toxicity occurs because of the high concentrations of Na + and Cl -in the cells' cytoplasm, which disturb several biochemical and physiological processes, and therefore osmotic stress is induced by the lowering of the water potential causing turgor reduction and cellular water loss ( Jampeetong and Brix, 2009) . In this research, salinity decreased plant growth significantly. These findings are compatible with those obtained on cotton (Ashraf and Ahmad, 2000) , lentil (Misra and Saxena, 2009) , Salvinia natans ( Jampeetong and Brix, 2009 ). Increasing NaCl concentration in the medium caused a significant reduction in fresh weight of both shoots and roots, as well as dry weight. Rafiq et al. (2008) reported that the calli fresh and dry weights of local mungbean decreased as the concentration of NaCl increased in the medium. Under stress condition, one of the strategies that plants have adopted is to slow down their growth. This reduction in growth not only helps the plant to save the energy for the defence purpose, but also limits the risk of heritable damage (May et al., 1998; Hossain et al., 2007) . Root growth has been found to be more adversely affected than shoot growth by an increasing supply of NaCl (Cano et al., 1998) . Similar results were obtained in this work, although root, hypocotyl and cotyledon growth were inhibited by salt, the effects were more pronounced on root growth. Results showed that salinity stress applied to in vitro cultures reduced the regeneration ability and callus induction at Foeniculum vulgare. The obtained results are in agreement with those reported by Rafiq et al. (2008) for local mungbean and Binch et al. (1992) for rice. Khaleda et al. (2007) also showed the decreasing trend in callus proliferation and plant regeneration with the increasing concentrations of NaCl in deep-water rice. The decrease in regeneration frequency in NaCl-selected callus line may be due to the presence of NaCl in the regeneration medium (Hossain et al., 2007) . As Makhlouf et al. (2002) reported, the decrease of the osmotic potential of the culture medium caused a decreasing regeneration in Sorghom (Sorghom bicolor L.) the explants of root and hypocotyl, in both media. Therefore, the explants of cotyledon exhibited a higher tolerance to the NaCl treatment, in vitro, in comparison with the other explants (Fig. 3) . Mean Comparisons showed that the highest regeneration efficiency was achieved under control conditions (35.83%), whereas, the lowest regeneration efficiency were observed under 150 mM NaCl (1.46%). Therefore, in presence of 150 mM NaCl, the regeneration was decreased about 96% (Tab. 3). However, the increased concentrations of NaCl in the medium led to a decrease of the regeneration in both media; the most decreasing one was obtained on above 50 mM NaCl. Results of the analysis of variance for regeneration percentage showed significant differences among different treatments of salinity, explants and interaction effect of salinity × explants at 0.05 level (Tab. 4).
Salinity effect on callus growth
Salt treatments significantly (P<0.005) affected the growth rate of callus (Tab. 3). Results of compared mean of fresh and dry weight in different concentrations of salinity showed that there was a significant difference between treatments in the 5% level (Tab. 4). Callus in different salt treatments exhibited different growth rates. Callus growth was significantly inhibited by salinity treatments. Although 50 mM NaCl treatment showed the highest growth rate among the different treatments, it was lower than that of control callus (Tab. 3). At 100 and 150 mM NaCl treatments the callus growth rate (at both mediums) was much lower than that of control or 50 mM NaCl treatment. The lower fresh and dry weights in all calli were observed in 150 mM NaCl (Fig. 3 and 4) . The results showed that cotyledon explants had maximum and root explants had minimum of fresh and dry weight in different treatments of salinity (Tab. 2). The highest growth rate was observed in cotyledon explants under 150 mM NaCl. Also, in MS medium supplemented with 2 mg l -1 NAA and 0.5 mg l -1 kinetin (media II) and different concentration of NaCl, callus exhibited better growth rate than that of MS medium containing 1 mg l -1 IAA plus 1 mg l -1 2,4-D and 2 mg l -1 kinetin (media I).
Discussion
There are a number of reports regarding in vitro regeneration and callus induction of fennel by using various explants such as hypocotyl or stem explants (Bennici et al., 2004) . Besides, Anzidei et al. (1996) reported that callus induction and organogenic response of several fennel populations were clearly genotype and growth regulator dependent. Only a variety, Francia Pernod, gave a good response for callus formation in the presence of 2,4-D or NAA plus kinetin, and shoot regeneration induced by NAA and kinetin. Therefore, in previous studies conducted on fennel, the highest frequency of shoot regeneration was found in callus lines growing in the presence of NAA and kinetin at 1:1 ratio and after a callus culture period of under in vitro selection. Therefore, NaCl has an inhibitory effect on plant growth by lowering the water potential of the medium, so cultured explants are unable to take up water and nutrients from the medium. Salt stress simultaneously presents both an ionic component linked to the toxicity of high external amounts of Sodium and Chloride ions, and a hydric component linked to the decrease of the external osmotic potential. The finding of regeneration decrements in the present study were in agreement with many researchers who reported negative response of NaCl towards plant regeneration. Gonzalez et al. (2001) mentioned that NaCl inhibited plant regeneration. Also , Lutt , s et al. (1999) reported that salinity strongly reduced the regeneration capacities of callus obtained from all cultivars and on all regeneration media tested, which is an agreement with the present study. In this experiment, it was revealed a high difference among explants in their callus production ability and in plant regeneration rate. Explants of root, hypocotyl cultured on medium containing 150 mM NaCl showed no shoot regeneration, while cotyledon showed regeneration in the presence 150 mM NaCl. These results indicated that calli induction and regeneration were explants, medium composition and genotype dependent, which are in agreement with the data found on alfalfa (Safarnejad et al., 1996) , durum wheat (Ozgen et al., 1996) and local mungbean (Rafiq et al.,2008) , where the effects of explants, medium composition and genotype on calli induction capacity and regeneration frequencies was observed.
The selected callus line exhibited several positive characters (better growth, higher regeneration frequency) towards salinity stress. This might be the result of some small changes in genetic makeup (somaclonal variation), of which several are beneficial for salt resistance. However, further studies need to be undertaken to resolve this issue. A possible strategy for finding the solution of the problems arising from salinization of agricultural and horticultural soils could be the in vitro selection of tolerant plants (Morpurgo, 1991) . In vitro culture can be used to obtain salinity-tolerant plants, assuming that there is a correlation between cellular and in vivo plant responses (Smith et al., 1985) . Selections of favorable somaclonal variant strains from callus culture are supplementary tools to traditional breeding for production of stress-resistant plants (Larkin and Scowcroft, 1981; Ashraf, 1994) . Therefore, in vitro tissue culture could serve as an important mean to improve crop tolerance and yield through genetic transformation, as well as induced somaclonal variation. It is important to device an efficient protocol of callus proliferation in order to start in vitro selection for salt and stress tolerance, and to broaden the opportunities for genetic manipulation of medicinal plants through tissue culture, including trying various explants and media.
